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VACUUM INSULATED GLASS (VIG)
WINDOW UNIT INCLUDING PUMP-OUT
TUBE PROTECTION RING AND/OR CAP

AND METHODS FOR MAKING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s related to commonly-assigned co-
pending U.S. Pat. application Ser. No. 13/246,980, entitled,
“Vacuum Insulating Glass (VIG) Unit Pump-Out Tube Pro-
tecting Techniques, and/or VIG Units Incorporating the

Same,” filed Sep. 28, 2011, the disclosure of which 1s
incorporated herein 1n 1ts entirety.

TECHNICAL FIELD

This disclosure relates generally to vacuum insulated
glass (VIG) umt configurations including a pump-out tube.
The disclosure more particularly relates to a VIG unit
configuration including a protective member, such as, for
example, a ring, for protecting the pump-out tube from
damage during various manufacturing processes, including,
but not limited to processes 1 which a VIG unit may be
provided with an additional laminated substrate. The dis-
closure also relates to a cap that may be provided on the
additional laminated substrate and over the pump-out tube
and protective ring. The disclosure further describes
example methods for making a VIG unit including a pro-
tective member or ring for protecting a pump-out tube of a
VIG unit from damage.

BACKGROUND AND SUMMARY OF
EXAMPLE EMBODIMENTS

Vacuum insulating glass (VIG) units typically include at
least two spaced apart glass substrates that enclose an
evacuated or low-pressure space therebetween, The sub-
strates are interconnected by a peripheral edge seal and
typically include spacers between the glass substrates to
maintain spacing between the glass substrates and to avoid
collapse of the glass substrates that may be caused due to the
low pressure environment that exists between the substrates.
Some example VIG configurations are disclosed, for
example, 1n U.S. Pat. Nos. 5,664,393, 5,657,607 and 5,902,
652, the disclosures of which are all hereby incorporated by
reference herein 1n their entireties.

FIGS. 1 and 2 1llustrate a typical VIG unit 1 and elements
that form the VIG unit 1. For example, VIG unit 1 may
include two spaced apart glass substrates 2, 3, which enclose
an evacuated or low-pressure space 6 therebetween. Glass
sheets or substrates 2,3 are interconnected by a peripheral
edge seal 4 which may be made of fused solder glass, for
example. An array of support pillars/spacers 5 may be
included between the glass substrates 2, 3 to maintain the
spacing of substrates 2, 3 of the VIG unit 1 1n view of the
low-pressure space/gap present between the substrates 2, 3.

A pump-out tube 8 may be hermetically sealed by, for
example, solder glass 9 to an aperture/hole 10 that passes
from an interior surface of one of the glass substrates 2 to the
bottom of a recess 11 in the exterior surface of the glass
substrate 2. A vacuum 1s attached to pump-out tube 8 to
evacuate the interior cavity 6 to a low pressure. After
evacuation of the cavity 6, the tube 8 1s melted to seal the
vacuum. Recess 11 retains the sealed pump-out tube 8.
Optionally, a chemical getter 12 may be included within a
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recess 13 that 1s disposed 1n an interior face of one of the
glass substrates, e.g., glass substrate 2.

VIG units with fused solder glass peripheral edge seals 4
are typically manufactured by depositing glass Irit, in a
solution, around the periphery of substrate 2. This glass frit
ultimately forms the glass solder edge seal 4. A second
substrate 3 1s brought down on substrate 2 so as to sandwich
spacers/pillars 5 and the glass irit solution between the two
substrates 2, 3, The entire assembly including the glass
substrates 2, 3, the spacers or pillars 3 and the seal material
(e.g., glass Irit 1n solution), 1s then heated to a temperature
of at least about 500° C., at which point the glass 1rit melts,
wets the surfaces of the glass substrates 2, 3, and ultimately
forms a hermetic peripheral or edge seal 4.

After formation of the edge seal 4, a vacuum 1s drawn via
the pump-out tube 8 to form low pressure space 6 between
the substrates 2, 3. The pressure 1n space 6 may be produced
by way of an evacuation process to a level below atmo-
spheric pressure, e.g., below about 10~* Torr. To maintain
the low pressure 1n the space or cavity 6, substrates 2, 3 are
hermetically sealed. Small high strength spacers or pillars 5
are provided between the substrates to maintain separation
of the approximately parallel substrates against atmospheric
pressure. Once the space 6 between substrates 2, 3 1s
evacuated, the pump-out tube 8 may be sealed, for example,
by melting using a laser or the like.

The pump-out tube 8 1s often located 1n a corner of one of
the substrates, such as, for example, illustrated 1n FIGS. 1
and 2. The pump-out tube 8 may be made of glass and may
protrude above a surface of the glass substrate 1n which 1t 1s
located to facilitate pumping and subsequent melting.
Because the pump-out tube 8 is typically made of glass and
extends above a surface of the substrate it 1s quite fragile and
susceptible to damage. To address this and other fragility
problems, protective caps are sometimes placed over the
tubes after evacuation and melting. There are a number of
protective cap configurations and mounting methods. Some
arrangements suiler from drawbacks such as those 1dentified
in U.S. patent application Ser. No. 13/246,980 incorporated
by reference above.

Additionally, a number of newly developed VIG configu-
rations have been developed. According to some of these
configurations, a VIG unit 1, such as, for example, described
above with reference to FIGS. 1 and 2, may be provided with
an additional laminated sheet or substrate that may be
disposed, for example, on or over a substrate that includes a
pump-out port. The additional laminated sheet may be
adhered to one of the substrates of a conventional VIG unit
by means of a laminating adhesive 1n the form of a lami-
nating film of or including a polymer based adhesive, such
as, for example, PVB, or the like.

Additional problems arise with respect to treatment of the
pump-out tube 1 VIG configurations that have an additional
substrate laminated thereon. For example, when laminating
an additional substrate on a side of the VIG unit where the
pump-out port 1s located, the laminated additional substrate
and the laminating film must be provided with a hole to
accommodate the protruding pump-out tube. The hole must
be of a diameter to provide suflicient clearance about the
pump-out tube when the laminated substrate and laminating
film are disposed over the substrate of the VIG unit. Due to
manufacturing tolerances when creating the hole, as well as
the subsequent placement of a protective cap, there 1s a
chance that the holes and the protective cap will not be
concentrically or even substantially concentrically aligned.
In addition, a glass edge of the access hole formed 1n the
additional laminated substrate could have a rough edge.
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Both of these factors, e.g., poor registration of the hole and
a possible protective cap, and the rough edge around the
access hole in the laminated substrate, contribute to an
undesirable aesthetic appearance of the final laminated VIG
unit.

One possible solution may be to just place the cap over the
hole 1n the additional laminated substrate after the lamina-
tion process that provides the laminated substrate on the
underlying VIG unit to form a laminated VIG unit. However.
this proposed solution suflers from numerous drawbacks.
For example, as noted above, the pump-out tube 1s fragile,
and 1s exposed during the lamination process, thus making
it even more susceptible to damage during the lamination
process. Another solution may be to simply place a second
cap over the first cap at the conclusion of the lamination
process. This solution also suflers from a number of draw-
backs including, for example, that the resulting laminated
VIG umit will exhibit a significant amount of stack-up height
in the area of the stacked protective caps.

According to certain example embodiments disclosed
herein, there may be included a process protection ring
around the pump-out tube prior to the lamination process.
This may be possibly be done 1n combination with any of the
other possibilities discussed above. During the lamination
process, the process protection ring provides a barrier that
protects the pump-out tube from damage that might occur
during the lamination process. For example, 1f the edge of
the hole formed 1n the laminating film and/or the laminated
substrate engages the pump-out tube, such force may break
or damage the pump-out tube. In the case where a process
protection ring 1s provided around the exposed portions of
the pump-out tube, the forces that would otherwise have
impacted the pump-out tube, are absorbed by the process
protection ring, thereby mitigating potential damage to the
pump-out tube. In this connection the height of the process
protection ring may be suflicient to provide protection to the
exposed portions of the pump-out tube. According to certain
example embodiments, 1t may be preferable for a height of
the process protection ring to be about the same height of the
sealed pump-out tube. Alternatively, the process protection
ring may have a lower or slightly lower height than the
sealed pump-out tube so long as the process protection ring
1s of suilicient height to provide protection to the pump-out
tube. It may also be preferable, according to certain example
embodiments, that the height of the process protection ring
not be substantially greater than a height of the sealed
pump-out tube, so as to avoid additional stack-up height
with the finished protective cap.

Additionally, by providing a process protection ring, the
need for providing a cap during the lamination process 1s
reduced and could possibly be eliminated 1n certain example
non-limited embodiments. Thus, after the lamination pro-
cess, a single cap may be disposed over the holes 1n the
laminating film and laminated substrate that were provided
to accommodate the protruding pump-out tube. A further
advantage of providing a single opaque or substantially
opaque protective cap over the pump-out tube, process
protection ring and hole(s) 1n the laminating film and
laminated substrate, 1n certain example embodiments, 1s that
the single outer protective cap covers the holes and exposed
edges thereol. and therefore provides a more desirable
aesthetic appearance by covering any potential misalign-
ment or non-concentric arrangement of the pump-out tube
and hole(s) that may otherwise be visible.

According to further example embodiments, the protec-
tive cap may be further provided with at least one position-
ing ridge disposed about a periphery of the side of the cap
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that faces the laminated glass substrate, such that the ridge
may engage an interior edge of the hole formed in the
laminated substrate. This positioning ridge provides addi-
tional protective strength for the protective cap and may
turther reduce the amount of movement of the protection cap
once placed over the hole in the laminated substrate. In
addition, 1t may also be advantageous to provide a protective
cap having a lower profile than conventional protective caps
to 1improve the aesthetic appearance of the laminated VIG
unit.

To provide these and other advantages, there 1s an
example vacuum insulated glass (VIG) assembly, compris-
ing: first and second substantially parallel spaced apart
substrates; a peripheral edge seal disposed about a periphery
of said first and second spaced apart substrates, the edge seal
and first and second substrates defining a cavity therebe-
tween; a pump-out tube extending from an mner surface of
said first substrate adjacent said cavity, through said first
substrate and extending beyond an outer surface of said first
substrate; and a protective ring disposed about a portion of
said pump-out tube extending beyond an outer surface of
said first substrate.

According to further example embodiments, a laminated
vacuum 1nsulated glass assembly 1s provided, an example
laminated vacuum 1insulated glass assembly, comprising:
first and second substantially parallel spaced apart sub-
strates; a peripheral edge seal disposed about a periphery of
said first and second spaced apart substrates, the edge seal
and first and second substrates defining a cavity therebe-
tween, said cavity being evacuated to a pressure less than
atmospheric pressure; a pump-out tube extending from an
iner surface of said first substrate adjacent said cavity,
through said first substrate and extending beyond an outer
surface of said first substrate; a protective ring disposed
about a portion of said pump-out tube extending beyond an
outer surface of said first substrate; a third substrate lami-
nated over said {irst substrate, said third substrate including
an opening 1nto which a portion of said pump-out tube and
said protective ring extend; and a cap disposed over said
opening in said third substrate.

Certain example methods for making a vacuum insulated
glass assembly according to certain example embodiments
are also provided, example methods comprising: providing
a {irst glass substrate; disposing a plurality of spacers on said
first substrate; depositing an edge seal material along sub-
stantially a periphery of a first surface of said first substrate;
providing a second glass substrate over said first glass
substrate sandwiching said spacers and edge seal material
therebetween; heating said first and second glass substrates
and said edge seal material to form a hermetically scaled
cavity between said first and second substrates; evacuating
said cavity via a pump-out tube provided 1n one of the first
and second glass substrates; sealing said pump-out tube by
melting a portion thereof; disposing a protective ring over
one of said first and second glass substrates and surrounding
a portion of said pump-out tube, said protective ring being
adhesively coupled to one of said first and second glass
substrates; laminating a third glass substrate over said first or
second substrate through which a portion of said pump-out
tube extends; and providing a cap over an opening in said

third glass substrate 1n which said protective ring and a
portion of said pump-out tube are disposed.

These and other embodiments and advantages are
described herein with respect to certain example embodi-
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ments and with reference to the following drawings 1n which
like reference numerals refer to like elements, and wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional schematic diagram of a
conventional VIG unit;

FIG. 2 1s a top plan view of a conventional VIG unit;

FIG. 3 1s a cross sectional schematic diagram of a
laminated VIG unit according to an example embodiment;

FIG. 4A 1s a top plan view of a process protection ring
according to an example embodiment;

FIG. 4B 1s a bottom plan view of a process protection ring,
and adhesive according to an example embodiment;

FIG. § 1s a cross sectional schematic diagram of a
laminated VIG unit according to an example embodiment
including a protective cap;

FIG. 6A 15 a bottom plan view of a protective cap and
adhesive according to an example embodiment;

FIG. 6B 1s a cross sectional schematic view of a protective
cap according to an example embodiment; and

FIG. 7 1s a flowchart illustrating a method of making a
laminated VIG unit according to an example embodiment.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

(L]

Certain example embodiments will be described 1n detail
herein with reference to the foregoing drawings in which
like reference numerals refer to like elements. It will be
understood that the embodiments described herein are
intended to be illustrative, not limiting, and that those skilled
in the art will understand that various modifications may be
made without departing from the true spirit and full scope of
the claims appended hereto.

According to certain example embodiments, a VIG win-
dow unit 1s provided with at least one process protection ring
surrounding an exposed portion of a pump-out tube that has
been sealed after use 1 an evacuation process that provides
a low pressure (e.g., lower than atmospheric pressure) 1n a
cavity between first and second transparent glass substrates
of a VIG window unit. The example process protection ring
provides additional protection against potential damage to a
pump-out tube (e.g., an exposed portion of a pump-out
tube), especially where the VIG unit 1s subjected to addi-
tional manufacturing processes, such as, for example, lami-
nation of an additional glass substrate via a laminating film.
The VIG window unit may be provided as a window 1n
building such as residential homes, apartment buildings,
and/or commercial oflice buildings. The VIG window unit
may also be used as a window 1n a building door, freezer
door or the like, In certain example embodiments, the VIG
window unit has a visible transmission of at least about 30%,
more preferably of at least about 40%, even more preferably
of at least about 50%, and even more preferably of at least
about 60% or 70%.

According to still further example embodiments, a pro-
tective cap may be provided over the process protection ring
and sealed pump-out tube after lamination of an additional
transparent glass substrate. The protective cap may prefer-
ably have a low profile to reduce stack-up height and to
improve aesthetic appearance of the product, including, for
example, and without limitation, covering the hole to
thereby hide any unappealing visual artifacts that might
occur as a result of misalignment of the holes in the
laminated sheet, laminating film and pump-out tube, rough
edges of the holes, or the like. Additionally, the protective
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cap may be provided with a positioning ridge located and
s1zed such that the ndge may engage a hole 1n the laminated
substrate and/or laminating film that was provided to accom-
modate the pump-out tube and process protection ring, or
alternatively to limit the amount of movement of the pro-
tective cap once placed over the hole.

With reference to FIG. 3, a schematic cross sectional view
of a laminated VIG window umt according to an example
embodiment 1s illustrated. The laminated VIG unit 20
includes spaced apart first and second transparent glass
substrates 2, 3 that may be mterconnected by an edge seal 4,
which may, for example, be of or include fused solder glass
hermetically sealing edge seal. In certain embodiments, the
substrates 2, 3 may be approximately the same size and/or
the same size 1n certain example embodiments. However, 1n
certain other example embodiments, one glass substrate may
be larger than the other to provide, for example, an approxi-
mately L-shaped step proximate an edge of the VIG unit.
Conventional edge seal compositions are known in the art.
See, for example, U.S. Pat. Nos. 3,837,866; 4,256,495;
4,743,302; 5,051,381; 5,188,990; 5,336,644; 5,534,469;
7,425,518, and U.S. Publication No. 2005/0233885, the
disclosures of which are all hereby incorporated herein by
reference. Additional suitable edge seal compositions are
disclosed i U.S. patent application Ser. No. 13/354,963,
entitled, “Coetlicient of Thermal Expansion Filler for Vana-
dium-Based Frit Matenals and/or Methods of Making and/or
Using the Same,” filed Jan. 20, 2012, the disclosure of which
1s incorporated by reference herein 1n 1ts entirety. These edge
seal compositions may sometimes be referred to as VBZ
(e.g., vanadium, bartum, zinc) based compositions. Still

further example edge seal materials are disclosed 1n appli-
cation Ser. No. 12/929.875, filed Feb. 22, 2011; and/or

application Ser. No. 13/238,338, filed Sep. 21, 2011, the
entire contents of each of which are incorporated herein by
reference. Other irit maternials may be used including, for
example, Ferro 2824B and 2824G ints. See, for example,
application Ser. No. 12/929,874, filed Feb. 22, 2011, the
entire contents of which are incorporated herein by refer-
ence. Other so-called “lead-free” frits may be used for the
seal 4 1n different example embodiments.

An array of support pillars/spacers 5 may also be included
between the glass substrates 2, 3 to maintain the spacing of
the substrates 2 and 3 1n view of the lower than atmospheric
pressure that 1s ultimately provided 1n a cavity 6 between the
substrates 2, 3. In certain example embodiments, the spacers
may have a height, for example, of from about 0.1 to 1.0
mm, more preferably from about 0.2 to 0.4 mm. The spacers
5 are preferably of a size that 1s sufliciently small so as to be
visibly unobtrusive. According to certain example embodi-
ments, the spacers may be made of or include solder glass,
glass, ceramic, metal, polymer, sapphire, or any other suit-
able material. Additionally, the spacers 3 may be, for
example, generally cylindrical, round, spherical, dime-
shaped, C-shaped, pillow-shaped and/or any other suitable
shape.

A pump-out tube 8, that may be hermetically sealed, for
example, of or including solder glass 9 1s provided through
a hole that passes from an interior surface of one of the glass
substrates, e.g., substrate 3 in FIG. 3, and through the glass
substrate 3 and extending beyond the outside surface
thereol. The pump-out tube 8 (before 1ts tip 1s sealed/closed)
1s used 1n a process to evacuate the cavity 6 between the
substrates 2, 3, such as, for example, by attaching a vacuum
pump to the pump-out tube 8 and evacuating the cavity 6 to
a low pressure, e.g., a pressure lower than atmospheric
pressure. After the pumping out process, 1n a preferred
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example, a pressure 1n the cavity 6 1s, for example, prefer-
ably below about 107° Torr, and more preferably below
about 107> Torr, and even more preferably below about
5x10™* Torr. In certain example embodiments, the pump-out
tube 8, may, for example, have a diameter or distance from
about 0.1 to 1.0 mm, more preferably from about 0.3 to 0.7
mm, and even more preferably from about 0.5 mm.

VIG window units using fused solder glass peripheral
edge seals 4 may, for example, be manufactured by depos-
iting glass 1rit, such as, for example, any of those referenced
above, 1 a solution, around the periphery of one of the
substrates, e.g., substrate 2. This glass frit ultimately forms
the glass solder edge seal 4 after curing. A second substrate,
¢.g., substrate 3 1s brought down on substrate 2 so as to
sandwich spacers/pillars 5 and the glass 1rit solution
between the two substrates 2, 3. The entire assembly includ-
ing the glass substrates 2, 3, the spacers or pillars 5 and the
seal material (e.g., glass Irit in solution), 1s then heated to a
temperature suflicient for the seal material (e.g., glass frit) to
melt and wet the surfaces of the glass substrates 2, 3, and
form a hermetic peripheral/edge seal 4. A pump-out tube 8
and vacuum apparatus may then be used to evacuate the
cavity 6 formed between the substrates 2, 3 1n the example
manner described above to provide a low pressure (e.g.,
lower than atmospheric pressure) between the substrates 2,
3. After the cavity 6 1s evacuated to a low pressure, such as,
for example, a pressure lower than atmospheric pressure, the
top or tip of the glass pump-out tube 8 may then be sealed
by melting an exposed portion of the tube using a laser or the
like. Sealing the pump-out tube 8 (as illustrated i FIG. 3)
maintains the low pressure 1n the cavity 6. After the tube 8
has been sealed, the central portion of the tube 8 1s still in
fluid communication with the cavity 6, but the external

atmosphere 1s not because the tip/top of the tube 8 has been
sealed shut.

As discussed above, it 1s sometimes the case that an
additional transparent glass substrate 15 may be laminated
over or above the substrates 2, 3 that define the cavity 6. In
the FIG. 3 embodiment, the third glass substrate 15 may be
the same size as substrate 3. In an example preferred
embodiment, the additional laminated glass substrate 15
may be adhered to the outer surface of one of the glass
substrates, e.g., substrate 3, using a laminating film 14, that
may be of, or include, a polymer based adhesive, such as, for
example, PVB, or the like. In order to provide an additional
laminated glass substrate 15, a hole 11 may be provided 1n
the additional glass substrate 15 and the laminating film 14
to accommodate the exposed portion of the sealed pump-out
tube 8 described above. The hole 11 1s of a size to provide
suflicient clearance about the pump-out tube 8 when the
laminated substrate 15 and laminating film 14 are disposed
over the substrate 3 of the VIG window unit 20. Due to
manufacturing tolerances when creating the hole 11, there 1s
a possibility that the holes i1n the substrate(s) and the
protruding pump-out port 8 will not be concentrically or
even substantially concentrically aligned. In addition, a glass
edge of the access hole 11 formed 1n the laminated substrate
15 could have a rough edge. Both of these factors, e.g., poor
registration of the holes 1n substrates 3 and 15 and pump-out
port 8, and the rough edge around the access hole 11 in the
laminated substrate 15, could contribute to an undesirable
aesthetic appearance of the final laminated VIG unit.

To overcome these and other problems, it may be desir-
able to provide a protective cap 47 over the pump-out tube
8 after the lamination process for providing the additional
laminated glass substrate 15, However to do this, as dis-
cussed above, the pump-out tube 8 must be exposed to a
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manufacturing process i which the laminating film 14 and
additional laminated glass substrate 15 are placed over the
exposed portions of the pump-out tube 8, thereby exposing
the pump-out tube 8 to the potential for damage during the
lamination process, such as, for example, and without limi-
tation, by contact of the edges of the holes 11 1n the
laminating film 14 and/or additional laminated substrate 15
with the fragile glass pump-out tube 8. In order to provide
protection against breakage or damage to the exposed pump-
out tube 8 during the lamination process, according to
certain example embodiments, a process protection ring 16
may be provided around the exposed pump-out tube 8
during lamination so as to surround the tube 8 when the unit
in FIG. 3 1s viewed from above.

According to certain example embodiments, a process
protection ring 16 may be adhered to the substrate 3 and
surrounding the pump-out tube 8 using, for example, an
adhesive tape, such as, for example, 3M VHB adhesive tape,
prior to the lamination process that 1s used to laminate the
additional glass substrate 15 to substrate 3. According to a
preferred example, the process protection ring 16 may have
a height substantially equal to a height of the exposed
portion of the pump-out tube 8. According to further
example embodiments, the height of the process protection
ring may have a height slightly less than that of the exposed
portion of the pump-out tube 8, so long as the dimensions of
the process protection ring are suflicient to provide adequate
protection to the pump-out tube 8. According to still further
embodiments, a height of the process protection ring 16 1s
preferably not higher than a height of the pump-out tube 8
to avoid adding significant stack-up height that may aflect
the appearance of the laminated VIG unit 20. When viewed
from above in the context of FIGS. 3-6, the ring 16 may be
circular 1n shape as shown in FIGS. 4A-4B, or alternatively
may be oval shaped, substantially circular shaped, substan-
tially square, and/or substantially rectangular shaped.

With reference to FIGS. 4A and 4B, bottom plan views of
an example process protection ring 16 are shown. The
process protection ring 16, according to certain example
embodiments, may be generally circular 1n cross section and
otherwise generally cylindrical. Of course, other suitable
geometries may be used so long as adequate protection 1s
provided to the pump-out tube 8 during the lamination
process as mentioned above. FIG. 4B 1s a bottom plan view
ol an example process protection ring 16 showing an adhe-
sive 17, such as, for example, 3M VHB adhesive tape, or the
like, used to adhere the process protection ring 16 to the
surface of a substrate, e.g., substrate 3, of the VIG unit 2
prior to the lamination process. As discussed above, accord-
ing to certain example embodiments, a preferred height of
the process protection ring 16 may be set to be less than or
substantially equal to a height of the exposed portion of the
pump-out tube 8, and should preferably be of suflicient
height to provide protection to the exposed portions of the
pump-out tube 8 during the lamination process. It 1s also
noted that by providing a process protection ring 16 prior to
lamination, the need for providing a cap during the lamina-
tion process 1s avoided 1n certain example instances. Thus,
as discussed below, a single cap may be disposed over the
holes 11 1n the laminating film 14 and the laminated sub-
strate 15 that were provided to accommodate the protruding
portion of the pump-out tube 8.

As discussed above, after the lamination process 1s com-
pleted (1.e., after substrate 15 has been laminated to substrate
3 via polymer based adhesive 14), a protective cap may be
provided over the hole(s) 11 as discussed above, to provide
turther protection by covering the exposed pump-out tube 8,
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and to provide further aesthetic improvement by covering
the holes 11 1n the laminating film 14 and the additional
laminates substrate 15 that were formed to accommodate the
exposed pump-out port 8 during lamination, e.g., by cover-
ing any potential misalignment or non-concentric arrange-
ment of the pump-out tube 8 and holes that may otherwise
be visible.

Turning now to FIG. 5, a laminated VIG window unit 20
including the laminated substrate 15, laminating film 14,
process protection ring 16 and protective cap 47 1s illustrated
in cross section. FIG. 5 1s similar to FIG. 3, but includes an
illustration of the protective cap 47. The protective cap 47
may be disposed over the holes (see 11 i1n FIG. 3) that
accommodate the exposed portion of the pump-out tube 8
and the process protection ring 16 discussed above. The
protective cap 47 may be adhered to the outer surface of the
additional laminated glass substrate 15 by way of an adhe-
sive tape 19, such as, for example, 3M VHB adhesive tape,
or the like. The size of the protective cap 47 1s preferably
such that 1t provides complete coverage of the holes 11 and
1s ol sufliciently low profile to provide further desirable
aesthetic appearance of the laminated VIG unit 20. For
example, the protective cap 47 includes an mnner cavity 21
having a diameter and depth suflicient to accommodate the
pump-out tube 8, the process protection ring 16 and to
completely cover the hole 11 1n the laminated substrate 15.
The surface area of the base portion of the cap should be
suilicient to accommodate enough adhesive tape to provide
a secure connection to the laminated substrate 15.

The protective cap 47 may also optionally be provided
with a positioning ridge 18 provided about a periphery of the
side of the cap that faces the laminated glass substrate 15 of
the generally circular protective cap 47 (e.g., see FIGS. 5-6).
The positioning ridge 18 may preferably engage or be
located very close to an interior portion of the hole 11 1n the
laminated substrate 15 to provide additional protective
strength for the protective cap, and further reduce the
amount ol movement of the protection cap once placed over
the hole 1n the laminated substrate 15 (e.g., see FIG. 5).

FIGS. 6A and 6B are a bottom plan view and a cross
sectional view, respectively, of example embodiments of the
protective cap 47. With reference to FIG. 6 A, the protective
cap 47 may have a generally circular shape. The positioning
ridge 18 generally conforms to this shape and 1s disposed in
a peripheral region of the side of the protective cap 47 that
engages the hole 1 the laminated substrate 15. According to
the example embodiment illustrated 1n FIG. 6A, an adhesive
tape 19, such as, for example, 3M VHB adhesive tape, or the
like, 1s shown. Turning to FIG. 6B, a cross section of the
protective cap 47 according to an example embodiment 1s
illustrated. As shown 1 FIG. 6B, an optional positioning
ridge 18 may also be provided with the protective cap 47 as
described above. According to example preferred embodi-
ments, and outer diameter D2 of the positioning ridge 18
may be such that it engages the hole formed 1n the laminated
substrate 15, or 1s close to engaging the hole. An inner
diameter D1 of the positioning ridge 18 may be such that 1t
1s suflicient to accommodate the process protection ring 16
and exposed portion of the pump-out tube 8 1n a cavity 21
defined by a top of the protective cap 47 and the positioning
ring 18.

While the protective cap 47 1s illustrated having a gen-
erally circular shape, 1t will be understood that any suitable
shape may be used. In addition, a generally polygonal
exterior shape in combination with a generally circular
positioning ridge 18 may be used. It will be understood that
it 1s preferable that the positioning ridge 18 be of a shape to
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adequately engage an inner portion of the hole formed 1n the
additional laminated substrate 15. According to another
example, 1t 1s not necessary for the positioning ring 18 to be
continuous, and 1t may be provided by a number of protru-
sions about a periphery of an interior cavity 21 of the
protective cap 47, for example. According to certain
example embodiments, the protective cap 47 may, for
example, be made of or including metal, plastic, silicone, or
some other suitable material. Moreover, the coeflicients of
thermal expansion of the cap 47 and the glass substrates may
match one another, for example, within about 25%, more
preferably within about 20% and even more preferably 1n a
range of about 10-20%.

FIG. 7 1s a flowchart illustrating an example method for
making a laminated VIG unit according to an example
embodiment. A first substrate, such as, for example, a
substrate of or including glass 1s provided in step S1.
Spacers or pillars, such as those discussed above, are then
provided on a first major surface of the first substrate and
located at spaced apart positions suflicient to maintain
spacing between the first substrate and a second substrate to
be provided 53. In step S5, a Int material, such as. for
example, those discussed above that provide the edge seal,
1s disposed (e.g., printed or otherwise applied) around
peripheral edges of the first substrate. A second substrate,
such as, for example, a substrate of or including glass, 1s
provided over the first substrate, sandwiching the pillars or
spacers and irit matenal, thereby defiming a cavity between
the two substrates S7. The subassembly including the first
and second substrates, spacers and irit material 1s then
heated at a suflicient level to form a hermetic edge seal S9.
The cavity defined between the two substrates 1s then
evacuated to a suitable vacuum level, such as, for example,
lower than atmospheric pressure, by, for example, using a
pump-out tube S11. The cavity then may optionally be
cleaned using a suitable process, such as, for example,
plasma cleaning, such as, for example, and without limita-
tion, as disclosed 1n U.S. Pat. application Ser. No. 13/149,
085, filed May 31, 2011, and U.S. Pat. No. 6,692,600, the
entire disclosures of which are incorporated by reference
herein 1n their entireties, S13

The pump-out tube may then be sealed S15 by any
suitable means, such as, for example, and without limitation,
melting using a laser, exposing the tube to other heat energy,
or the like. A process protection tube of the type disclosed
and described above may then be disposed about the
exposed and sealed pump out tube S17. The process pro-
tection tube may be athixed to the second substrate by, for
example, and without limitation, an adhesive tape, such as,
for example, 3M VHB adhesive tape. In step S19, a lami-
nating film and additional substrate are disposed over the
second substrate, and include holes for accommodating the
exposed sealed pump-out tube and process protection ring.
The laminating film may, for example, be of or include a
polymer based adhesive, such as, for example, PVB. It 1s
noted that the laminated VIG unit so formed has a number
of substantially aligned holes that accommodate the exposed
pump-out tube and surrounding process protection ring. A
protective cap 47 may then be provided to cover the holes
and the exposed pump-out tube and process protection ring
S21. Optionally, a positioning ridge in the protective cap
may be arranged to engage an interior surface of a hole 1n the
laminated glass substrate.

In certain embodiments of this invention, there 1s pro-
vided a vacuum 1insulated window assembly, comprising:
first and second substantially parallel spaced apart substan-
tially transparent substrates; a seal disposed at least between
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said first and second spaced apart substrates, the seal and
first and second substrates defining a cavity therebetween
with the cavity being at a pressure less than atmospheric; a
pump-out tube extending at least partially through an aper-
ture 1n said first substrate so as to communicate with the
cavity and extending beyond an outer surface of said {first
substrate; and a protective ring disposed proximate an outer
surface of the first substrate so as to at least partially
surround said pump-out tube of the vacuum insulated win-
dow assembly.

In the vacuum insulated window assembly of the imme-
diately preceding paragraph, the window assembly may
turther comprise a third substrate laminated over at least said
first substrate.

In the vacuum 1nsulated window assembly of any of the
preceding two paragraphs, there may be a laminating film
comprising a polymer disposed between said first substrate
and said third substrate for at least laminating the first and
second substrates to each other.

In the vacuum 1nsulated window assembly of any of the
preceding three paragraphs, there may be a cap disposed
over at least said pump-out tube and said protective ring. The
cap may be disposed over each of said pump-out tube, said
protective ring and an opening formed 1n said third substrate.

In the vacuum insulated window assembly of any of the
preceding four paragraphs, the cap may include a position-
ing ridge on a side of said cap facing said third substrate. The
positioning ridge may engage and/or be located very close to
an interior surface of a hole formed in said third substrate.

In the vacuum 1nsulated window assembly of any of the
preceding five paragraphs, a height of said protective ring
may be less than or substantially equal to a height of a
portion of said pump-out tube that extends beyond an outer
surface of said first substrate.

In the vacuum insulated window assembly of any of the
preceding six paragraphs, an mner diameter of said protec-
tive ring may be sufliciently large to accommodate a portion
of said pump-out tube that extends beyond an outer surface
of said first substrate, possibly without coming into contact
with said portion of said pump-out tube that extends beyond
an outer surface of said first substrate when said protective
ring 1s disposed over and/or on said first substrate

In the vacuum insulated window assembly of any of the
preceding seven paragraphs, the pump-out tube may com-
prise glass.

In the vacuum insulated window assembly of any of the
preceding eight paragraphs, said protective ring may be
secured to an outer surface of said first substrate by an
adhesive tape.

In the vacuum insulated window assembly of any of the
preceding nine paragraphs, said first and second substrates
may be glass substrates.

In the vacuum 1nsulated window assembly of any of the
preceding ten paragraphs, a portion of the pump-out tube
extending beyond the outer surface of the first substrate may
be sealed.

In the vacuum insulated window assembly of any of the
preceding eleven paragraphs, a plurality of spacers may be
disposed 1n said cavity between said first and second sub-
strates.

In the vacuum insulated window assembly of any of the
preceding twelve paragraphs, the seal may be an edge seal.

In the vacuum insulated window assembly of any of the
preceding thirteen paragraphs, the seal may comprise glass
frit.
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In the vacuum msulated window assembly of any of the
preceding fourteen paragraphs, said protective ring may
have a generally cylindrical shape.

in the vacuum insulated window assembly of any of the
preceding fifteen paragraphs, said seal may comprise vana-
dium and/or solder glass.

While certain example embodiments have been described
and disclosed herein, 1t will be understood that the embodi-
ments described herein are intended to be illustrative, not
limiting, and that those skilled 1n the art will understand that
various modifications may be made without departing from
the true spirit and full scope of the claims appended hereto.

What 1s claimed 1s:

1. A vacuum insulated window assembly, comprising;:

first and second substantially parallel spaced apart sub-
stantially transparent substrates;

a seal disposed at least between said first and second
spaced apart substrates, the seal and first and second
substrates defining a cavity therebetween with the
cavity being at a pressure less than atmospheric pres-
sure;

a pump-out tube extending at least partially through an
aperture 1n said first substrate so as to communicate
with the cavity and extending beyond an outer surface
of said first substrate;

a protective ring disposed proximate an outer surface of
the first substrate so as to at least partially surround said
pump-out tube of the vacuum insulated window assem-
bly:

wherein the protective ring 1s spaced apart from the
pump-out tube so that the protective ring does not
contact the pump-out tube;

wherein the protective rning does not extend laterally
beyond a periphery of the first substrate and has a
height that 1s: (1) no greater than a height of the
pump-out tube, relative to the outer surface of the first
substrate, and (11) greater than a height of sealant at a
periphery of the pump-out tube that bonds the pump-
out tube to the first substrate; and

a cap disposed over said pump-out tube and said protec-
tive ring, wherein the protective ring 1s configured so
that 1t does not support the cap.

2. The vacuum 1insulated window assembly of claim 1,
further comprising a third substrate laminated over said {first
substrate.

3. The vacuum insulated window assembly of claim 2,
turther comprising a laminating film comprising a polymer
disposed between said first substrate and said third substrate
for at least laminating the first and second substrates to each
other.

4. The vacuum insulated window assembly of claim 2,
wherein the cap 1s disposed over each of said pump-out tube,
said protective ring and an opening formed in said third
substrate.

5. The vacuum 1nsulated window assembly of claim 4,
wherein said cap includes a positioning ridge on a side of
said cap facing said third substrate.

6. The vacuum 1nsulated window assembly of claim 5,
wherein said positioning ridge engages or 1s located very
close to an interior surface of a hole formed 1n said third
substrate.

7. The vacuum insulated window assembly of claim 1,
wherein an inner diameter of said protective ring 1s sufli-
ciently large to accommodate a portion of said pump-out
tube that extends beyond an outer surface of said first
substrate without coming 1nto contact with said portion of
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said pump-out tube that extends beyond an outer surface of wherein the protective ring 1s spaced apart from the
said first substrate when said protective ring 1s disposed over pump-out tube so that the protective ring does not
and/or on said first substrate. contact the pump-out tube, and wherein the protective
8. The vacuum insulated window assembly of claim 1, ;1;1(% 1s configured so that it does not support the cap;

wherein said pump-out tube comprises glass. d

9. The vacuum insulated window assembly of claim 1,
wherein said protective ring 1s secured to an outer surface of
said first substrate by an adhesive tape.

10. The vacuum nsulated window assembly of claim 2,
wherein said cap is secured to an outer surface of said third 19
substrate by an adhesive.

11. The vacuum insulated window assembly of claim 1,
wherein said first and second substrates are glass substrates.

12. The vacuum nsulated window assembly of claim 1,
further comprising a plurality of spacers disposed in said 1>
cavity between said first and second substrates.

13. The vacuum insulated window assembly of claim 1,
wherein said seal 1s an edge seal.

14. The vacuum insulated window assembly of claim 1,
wherein said seal comprises glass frit. 20
15. The vacuum insulated window assembly of claim 1,
wherein said protective ring has a generally cylindrical

shape.

16. The vacuum insulated window assembly of claim 1,
wherein said seal comprises vanadium and/or solder glass. 2°
17. The vacuum nsulated window assembly of claim 2,

wherein said first, second and third substrates comprise

wherein the protective ring does not extend laterally
beyond a periphery of the first substrate and has a
height that 1s (1) no greater than a height of the
pump-out tube, relative to the outer surface of the first
substrate, and (11) greater than a height of sealant at a
periphery of the pump-out tube that bonds the pump-
out tube to the first substrate.

19. The vacuum insulated glass assembly of claim 18,
turther comprising a laminating film disposed between said
first substrate and said third substrate.

20. The vacuum 1nsulated glass assembly of claim 18,
wherein said cap includes a positioning ridge disposed about
a periphery of said cap on a side of said cap facing said third
substrate.

21. The vacuum nsulated glass assembly of claim 18,
wherein said positioning ridge engages an interior surface of
a hole formed 1n said third substrate.

22. The vacuum insulated glass assembly of claim 18,
wherein said seal comprises one or more of vanadium,
bartum and zinc.

23. The vacuum insulated window assembly of claim 1,
wherein said protective ring has a substantially rectangular
shape.

glass. | | |
18. A laminated vacuum insulated glass assembly, com- 24. The vacuum insulated window assembly of claim 1,
prising: ’ 30 Wherein the cap extends laterally beyond the protective ring
first and second substantially parallel spaced apart glass and noistruf':ture 1s located directly between the cap and the
substrates: protective ring.

25. The vacuum insulated window assembly of claim 1,

wherein said sealant at the periphery of the pump-out tube

35 that bonds the pump-out tube to the first substrate comprises
solder glass.

26. The vacuum insulated window assembly of claim 18,
wherein said sealant at the periphery of the pump-out tube
that bonds the pump-out tube to the first substrate comprises
solder glass.

27. The vacuum insulated window assembly of claim 1,
wherein the protective ring 1s adhered directly to the first
substrate via adhesive, wherein said adhesive does not
contact the pump-out tube.

28. The vacuum 1nsulated glass assembly of claim 18,
wherein the protective ring 1s adhered directly to the first
substrate via adhesive, wherein said adhesive does not
contact the pump-out tube.

a peripheral edge seal disposed about a periphery of said
first and second spaced apart substrates, the edge seal
and first and second substrates defining a cavity ther-
cbetween, said cavity at a pressure less than atmo-
spheric pressure;

a pump-out tube extending from said first substrate,
through at least part of said first substrate and extending
beyond an outer surface of said first substrate; 40

a protective ring disposed about a portion of said pump-
out tube;

a third substrate laminated over said first substrate, said
third substrate including an opening in which said
pump-out tube and said protective ring are located; 4>

a cap over said opening 1n said third substrate, wherein the
cap extends laterally beyond the protective ring and no
structure 1s located directly between the cap and the
protective ring; S I T
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